Claims reserving for general insurance business has developed significantly over the recent past. There has always been a slight mystery in short-term insurance contracts of how to go about reserving for claims, which have not yet come in, and are still in some sense of figment of the future. Insurance claims variables are non-normally distributed and therefore a measure that will capture the dependence among the variables better than the usual correlation is employed. One such method is the use of copulas. The object of this paper, therefore, is to use the Archimedean copula, Clayton copula and Frank copula to estimate outstanding incurred but not reported (IBNR) claim reserves. A comparison of the estimates of outstanding claim reserves obtained from different Archimedean copulas is also presented.
INTRODUCTION
In general insurance, a claim is a demand for payment of damages that may be covered under a policy and a reserve is an estimate of the amount of money set aside for the eventual payment of a claim. Payment of a claim is what consummates the insurance contract. A claim is incurred when it happens, regardless of when in the future it is paid. Reserves are classified as liabilities on the company's balance sheet as they represent future obligations of an insurance company. They are important since they are a measure of a company's financial solvency and improper reserving can therefore present a false picture of a company's financial condition. A 'reported' claim is one that has already been processed to the extent that a central record on it is held. However, claims occur almost every day but are usually not reported the same day. This may be due to the normal time lag in reporting claims, difficulties in determining the size of the claim and so on. The only certainty is that, such claims will come in and that there is a duty to make provision for them. These claims, not yet known to the insurer, but for which a liability is believed to exist at the reserving date are referred to as Incurred but not Reported (IBNR) claims. Past claims data, which should be adequate and accurate, is used to construct estimates for the future payments and it consists of a triangle of incremental claims grouped by time of origin (when the claim or accident was incurred) and development time (time elapsed since the accident). The problem is thus to complete this run-off triangle. The only inherent uncertainty is described by the distribution of possible outcomes, and one needs to arrive at the best estimate of the reserve.
Many classical methods of dealing with the reserve problem have been developed all of which are based on different coefficient calculations and deal with the classical development triangle (for example, Chain ladder method, BornhuetterFergusson and separation technique). In almost any method, analyzing the upper triangle is based on well-known techniques from statistics. However, the essential problem to be solved is the management of the risk associated with the future (the lower triangle). Most methods estimate the lower triangle cell-by-cell, and do not pay enough attention to the structure describing the dependencies between these cells. Each cell can be considered as a univariate random variable being part of the multivariate random variable describing the lower triangle. Hence, the IBNR reserve must be considered as a (univariate) random variable being the sum of the dependent components of the random vector describing the lower triangle. Goovaerts, et. al. (2001) studied various IBNR evaluation techniques and found out that estimating the correlations from the past data, and using them for multivariate simulations of the lower triangle is a dangerous technique because the insurer is especially interested in the tail of the distribution function and that a multivariate simulation technique will only be possible if the whole dependency structure of the lower triangle is known. They observed that in practice, situations where only the distribution functions of each cell can be estimated with enough accuracy, but where only limited information of the dependency structure can be obtained (because of inadequate data) are encountered. Since the 'true' multivariate distribution function of the lower triangle could not be determined in most cases, because the mutual dependencies are not known, or difficult to cope with they concluded that the only conceivable solution is to find upper and lower bounds for this sum of dependent random variables which use as much as possible of the available information.
Understanding relationships among multivariate outcomes is a basic problem in statistical science. Multivariate relationship is limited by the basic setup that requires the analyst to identify one dimension of the outcome as the primary measure of interest (the dependent variable) and other dimensions as supporting variables (the independent variables). In insurance, this relationship is not of primary interest as we mostly deal with joint distribution functions where we need to understand the distribution of several variables interacting simultaneously and not in isolation of one another. In the IBNR problem it is necessary to consider the claim size and development time as the two variables interacting simultaneously. The normal distribution has long dominated the study of multivariate distributions. More recent texts on multivariate analysis, such as (Krzanowski, 1988) have begun to recognize the need for examining alternatives to the normal distribution setup. This is certainly true for actuarial science applications such as long tailed claims variables (Hogg and Klugman, 1984) , where the normal distribution does not provide an adequate approximation to many datasets. There has been a tendency to use correlation as if it was an all-purpose dependence measure but it is often misused and applied to problems for which it is not suitable. However, empirical research in finance and insurance show that the distributions are seldom in the class of spherical and elliptical distributions (Embrechts, McNeil and Straumann, 1999) . Therefore, correlation is a rather imperfect measure of dependency in many circumstances and thus the copula comes in handy as an alternative measure of dependency.
A construction of multivariate distribution that does not suffer from these drawbacks is based on the copula function. Copulas thus are extremely helpful because they give a natural way of allowing for dependency that is free from the drawbacks of correlation. They are invariant to reasonable transformations of random variables and/or their distribution functions. The notion of a function characterizing the dependence structure between several random variables comes from the work of Hoeffding in the early forties. Other authors independently introduced related notions afterwards but it was Sklar (1959) that defined copula as a function that links the multivariate distribution to functions of the univariate marginal distributions. Literature on the statistical properties and applications of copulas in finance and insurance has been developing rapidly in the recent past. Wang (1997) proposes copula for modelling aggregate loss distributions of correlated insurance policies. Frees and Valdez (1998) and Klugman and Parsa (1999) use copula to model bivariate insurance claim data. More recently, Pettere and Kollo (2006) used the Archimedean class of copulas to model claim size of a Latvian insurance company and later used the bivariate Clayton copula to estimate IBNR reserves. This paper, therefore, focuses on how different types of copulas can be used to fit IBNR claims data and then compares the estimates of outstanding claim reserves obtained from different Archimedean copulas for any statistical significance.
In section 2 we outline the methodology that will be used. Discussion of results obtained as well as estimation and comparison of IBNR reserves estimates will be in section 3. Conclusions based on the results will be in the final section.
P. Weke and C. Ratemo

METHODOLOGY
and another distribution function called copula.
Definition: Copula
Informally, a copula C is a joint distribution function defined on the unit square with uniform marginals (or margins). Formally, define I as the unit interval, 
with uniform margins. That is,
where U is a (ex-ante) uniform random variable, whereas u is the corresponding ii. The dependence structure (Copula). 
Estimating IBNR claims reserves
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Theorem: Sklar (1959)
be a given continuous marginal distribution functions.
Then, for every ( )
is a joint distribution with function with margins
, then there exists a unique copula C such that
2. Conversely, if C is any copula, the function F , defined in equation (2.2) is a joint distribution function with margins ) ( ),..., ( ), (
If we consider the random variables X and Y such that
then we call C the copula of X and Y . Sklar's theorem, through the statement
splits the joint probability distribution into the marginals and a copula, so that the latter only represents the dependence between X and Y . From this modelling separation it follows that also in the estimation or calibration phase one can identify the marginals and, at a second stage, specify the copula function.
Bivariate Archimedean copula concepts
then ( ) y x F , can be written in terms of a copula and it's marginal distributions as
then we call C the copula of X and Y . If we represent the copula in the following form, In this paper we have examined three copulas Clayton, Frank and Gumbel copulas and their properties are shown in table 2.1 below. We will use these Archimedean copulas for the estimation of IBNR reserves in section 3.
IMPLEMENTATION AND RESULTS
Appropriate distribution models will first be fitted to the random variables of interest and the best fit determined by the Kolmogorov-Smirnov test. An appropriate Archimedean copula model for the data will then be found using the method due to Genest and Rivest (2001) and goodness of fit of the model determined both graphically and analytically using QQ-plots and KolmogorovSmirnov test statistic respectively. Average claim size in each development time unit will then be found by simulation using the obtained copulas. The number of claims occurring in each time unit will also be found and a distribution fitted. This distribution will then be used to estimate the average number of claims in each time unit. Finally, reserves will be obtained by multiplying average claim size in each development time unit to the average number of claims reported in each time unit and to the number of time units. Comparison of the estimated reserves will then be done using the Mann-Whitney U test statistic. In this paper, we have used published data from Taylor and Ashe (1983) which was also used by Verrall (1991 Verrall ( , 1998 , Mack (1993) and Renshaw (1989 Renshaw ( , 1994 . The data is in incremental form. The development time has length one year and used claims are for a period of ten years. A claim will be characterized by two random variables, development time and claim size. The analysis and fitting of copulas will be done using S-plus Finmetrics module and calculations done using excel.
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Fitting Distributions to Claim Size and Development Time
To have an idea about the desirable shape of the families of distributions that can be used we calculated descriptive statistics for both random variables and are shown as in table 3.1 below. From the descriptive statistics, the median and the mode values for both variables are not close and the range is also big. As a result the variables will not be exactly normally distributed. They exhibit a slightly longer tail to the right than the normal distribution as can be seen from the skewness values and also slightly more peaked as indicated by their respective kurtosis values. The best fitting distributions for the random variables seen in the graphs below was obtained by comparing the cumulative distribution functions (CDFs) of the random variables with the CDFs of a hypothesized distribution. For development time the best fitting distribution was obtained by a lognormal distribution with 16 The numbers of claims happening in each year of origin were also examined and a distribution fitted as shown below. of 0.358. Average number of claims happening in each year of origin is then found by multiplying the value of the lognormal density function for the number of claims happening in each year of origin by the average number of claims happening in a year and also the average plus 1, 2 and 3 standard deviations which will be represented by Dev, Dev 1, Dev 2 and Dev 3 respectively and by the length of the interval (in our case 1 year). Results are shown in table 3.4 below. Finally we compare the four total estimated IBNR reserves from both copulas using the Mann-Whitney U statistic. The test statistic value was 577 . 0 − corresponding to a value p − of 0.686 implying that the estimates obtained from the two copulas are not significantly different.
CONCLUSION
In this paper we have considered two variables, development time and claim size, which are both lognormally distributed. A critical analysis of their bivariate distribution revealed that only two copula, the Clayton and Frank, out of the three Archimedean copulas examined, could be used to study the bivariate data. It is observed that estimates of outstanding IBNR claim reserves from the Clayton copula were slightly lower than the estimates from the Frank copula and this could be attributed to the fact that the Clayton copula is a better fit compared to the Frank copula. However, the Mann-Whitney U statistic test showed that the estimates obtained from the two copulas are not significantly different. Therefore, from these results we conclude that if only one copula which statistically fit a given set of multivariate data is required, then any of the two copulas can be picked for estimation since each one will statistically give the same results.
